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Geographic and socio-economic variation in
markers of indoor air pollution in Nepal:
evidence from nationally-representative data
Saruna Ghimire1*, Shiva Raj Mishra2, Abhishek Sharma3,4, Adugna Siweya5, Nipun Shrestha6 and Bipin Adhikari7
Abstract
Background: In low-income countries such as Nepal, indoor air pollution (IAP), generated by the indoor burning of
biomass fuels, is the top-fourth risk factor driving overall morbidity and mortality. We present the first assessment of
geographic and socio-economic determinants of the markers of IAP (specifically fuel types, cooking practices, and
indoor smoking) in a nationally-representative sample of Nepalese households.
Methods: Household level data on 11,040 households, obtained from the 2016 Nepal Demographic and Health
Survey, were analyzed. Binary logistic regression analyses were conducted to assess the use of fuel types, indoor
cooking practices, indoor smoking and IAP with respect to socio-economic indicators and geographic location of
the household.
Results: More than 80% of the households had at least one marker of IAP: 66% of the household used unclean fuel,
45% did not have a separate kitchen to cook in, and 43% had indoor smoking. In adjusted binary logistic regression,
female and educational attainment of household’s head favored cleaner indoor environment, i.e., using clean fuel,
cooking in a separate kitchen, not smoking indoors, and subsequently no indoor pollution. In contrast, households
belonging to lower wealth quintile and rural areas did not favor a cleaner indoor environment. Households in Province
2, compared to Province 1, were particularly prone to indoor pollution due to unclean fuel use, no separate kitchen to
cook in, and smoking indoors. Most of the districts had a high burden of IAP and its markers.
Conclusions: Fuel choice and clean indoor practices are dependent on household socio-economic status. The
geographical disparity in the distribution of markers of IAP calls for public health interventions targeting households
that are poor and located in rural areas.
Keywords: Nepal, Socio-economic status, Fuel use, Cooking, Indoor air pollution
Background
Globally, every year 4 million people die prematurely from
illness attributable to indoor air pollution (IAP) [1]. IAP is
generated largely by the indoor burning of biomass fuels
(such as wood, crop waste, and coal), for purposes like
heating, cooking, or boiling water, coupled with poor ven-
tilation practices [2]. In 2013 alone, IAP generated from
solid fuels caused 81.1 million disability-adjusted life years
and nearly 2.9 million deaths [3]. In developing countries,
IAP is the top-fourth risk factor driving overall morbidity
and mortality [4]. The biomass smoke contains several
health-damaging pollutants and chemicals such as carbon
monoxide, sulphur dioxide, particulate matter (PM) 10
and 2.5 μm (PM10 and PM2.5). These pollutants are linked
to diseases such as stroke, ischemic heart disease, chronic
obstructive pulmonary disease, pneumonia, bronchitis,
and lung cancer [1, 5].
Despite being linked to adverse health events, biomass
fuel remains the predominant source of energy in
low-income countries [6]. In 2012, about a third of the
global population, primarily in Sub-Saharan Africa and
Southern Asia, used biomass fuel as a primary source of
energy and this accounted for 12% of the world energy
use [6, 7]. In recent years, while a detailed assessment of
IAP has become possible by monitoring pollutants at the
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household level, such assessments are logistically chal-
lenging and expensive for low-income countries. Conse-
quently, several epidemiological studies assessing the
impact of IAP use indirect/proxy measures, such as in-
door burning of solid mass, to assess IAP [8–10].
Research on solid fuel-related pollutants is limited in
Nepal [11]. A previous study, using DataRAM pDR-1000
and LASCAR-CO data logger monitoring technique,
highlighted household air pollution to be a severe issue in
rural areas of Nepal [12]. However, this study was limited
to rural areas and southern Nepal [12]. Another study
from Chitwan, Nepal, demonstrated biomass as a source
of ambient endotoxins, and higher levels of endotoxin re-
lated to biomass burning were accompanied by increased
levels of anti-inflammatory agents [13]. The domestic in-
door air quality levels associated with biomass fuel com-
bustion exceeds the WHO Indoor Air Quality standards
and are in the hazardous range for human health [14, 15].
Given that about 80% of households in Nepal use biomass
fuel [16], in a setting with limited ventilation and that the
domestic PM levels in Nepalese households exceed inter-
national standards for ambient air quality [14, 15], it is
crucial to shed more lights on this important issue. In fact,
household air pollution from cooking with solid fuels was
the third largest contributor to the burden of diseases in
Nepal and was responsible for around 15,000 premature
deaths in 2013 [3].
While the use of solid (unclean) fuel increases the
risk of adverse health events, even using clean fuel but
not in a separate kitchen space has been reported to be
associated with increased IAP exposure and health risk
[17–20]. A study from rural Nepal monitored the par-
ticulate matter (PM) concentrations by kitchen type
(inside vs. outside of the main house) and found that
24-h average indoor PM concentrations in both
kitchens types exceeded Nepal’s indoor air quality stan-
dards and the WHO PM2.5 guidelines [21]. The con-
centration rose steeply during the first half hour of
cooking, then decreased slightly and finally levelled off
to the non-cooking period concentrations [21]. The
particular matter emission is higher when burning such
fuels in inefficient traditional cook stoves [22]. Con-
versely, use of separate dwelling as a kitchen (separate
kitchen) is suggested as an alternative to reduce the im-
pact of indoor air pollution in health. Therefore, be-
sides just the fuel types used, studies must also
consider “clean cooking practice” when assessing IAP
and its determining factors. Another important aspect
adding to the IAP is the environmental tobacco smoke
(ETS, also called second-hand smoke) [23]. The harm-
ful effects of ETS on the non-smoking population, such
as respiratory and cardiovascular disease and premature
death, is well documented [24]. However, no previous
studies have included ETS when measuring IAP.
Previous studies have reported that the adoption of
cleaner fuels and levels of IAP are dependent on house-
hold’s socioeconomic status (SES) and geographical re-
gions [10, 25]. In this regard, we present the first and
comprehensive assessment of geographic and socio-eco-
nomic determinants of the markers of IAP (specifically
fuel types, cooking practice, and indoor smoking) in re-
presentative sample of Nepalese households.
Methods
Study area
Nepal is a developing country situated in the South-East
Asia Region and consists of three ecological zones (Moun-
tain, Hill, and Terai). Nepal is divided into 75 districts
distributed across five development regions (Eastern, Cen-
tral, Western, Mid-western, and Far-western). Since the
promulgation of a new constitution in 2015, Nepal is
undergoing federal restructuring into seven administrative
provinces that are further sub-divided into local govern-
ance units (i.e., municipal, village councils) [26]. Notwith-
standing these recent changes, the districts continue to
serve as important administrative divisions of the country.
The de-novo local governance structures requires local
evidence disaggregated for districts for planning and
policy considerations.
Data source
Using the 2016 Nepal Demographic and Health Survey
(NDHS), we assessed the patterns of household-level
fuel use, indoor smoking, and cooking practices at pro-
vincial and district levels. We then studied the associ-
ation between these markers of IAP and various
socio-economic factors. The NDHS is part of the world-
wide Demographic and Health Surveys Program, imple-
mented in 90 countries, and collects information on a
wide range of populations’ socio-economic and health
indicators [27]. NDHS is conducted every 5 years
(NDHS 2001, 2006, 2011, and 2016). The 2016 NDHS
consists of a nationally-representative sample of the
population (aged 15–49 years), which is also representa-
tive at the provincial levels, ecological zones, and deve-
lopment regions [28]. The 2016 NDHS used multi-stage
stratified cluster sampling (two-stage in rural areas and
three-stage in urban areas). The seven provinces of
Nepal were stratified into urban and rural areas, yielding
14 sampling strata for the 2016 NDHS. In each stratum,
wards - that serve as the cluster or the primary sampling
units (PSU) - were selected independently by using
probability proportional to size technique, yielding a
total of 383 PSU. In the last stage of sampling, 30 house-
holds from each PSU were selected with an equal
probability systematic selection [28]. Of the 11,490
households allocated, 11,040 were successfully inter-
viewed [28]. Information on the variables of interest for
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our analyses was acquired at the household level. The
2016 NDHS data collection took place from June 19,
2016, to January 31, 2017, and the details of its metho-
dology are documented elsewhere [28].
Variables
Our analyses utilized household-level data on markers of
IAP such as indoor smoking, fuel types used, and cooking
practice, along with demographic and socioeconomic
information.
Fuel types
The respondents were inquired about the primary fuel
used for cooking in the household, to which there were
10 response categories (electricity, liquefied petroleum
gas or LPG, natural gas, biogas, kerosene, charcoal,
wood, straw/shrubs/grass, agricultural crop, and animal
dung). For our analyses, we dichotomized these fuel
types into ‘unclean fuel’ and ‘clean fuel’ as per the 2016
NDHS guidelines [28]. Clean fuel included electricity,
LPG, natural gas, and biogas. A small proportion of the
participants (n = 28, 0.4%) indicated not cooking food in
the household and were thus not included in the ana-
lyses for fuel types.
Indoor cooking practice
Regarding cooking practices, respondents were inquired if
they cooked food either in the house, or in a separate
building, outdoors, or other (no food cooked in house-
hold). Only to those who responded cooking inside the
house, a follow-up question inquired if the household has
a separate room used as the kitchen (yes/no response).
Accordingly, indoor cooking practice was dichotomised
as in a separate kitchen (cooking inside the house but
in a separate room used as a kitchen) and no separate
kitchen (cooking inside the house but in the absence of
a separate kitchen).
Indoor smoking
The frequency of household members smoking inside
the house could be: never, daily, weekly, monthly, or less
than once a month. For our analyses, we dichotomized
these data into presence or absence of indoor smoking.
Indoor air pollution
A given household was labeled as having IAP if they
had at least one of the three markers: use of unclean
fuel, no separate kitchen to cook in, and presence of in-
door smoking.
Explanatory variable
The explanatory socio-demographic variable selected for
analyses include age, sex, and education level of the head
of household. We used information of household head
and not individuals because decisions about the fuel use
and cooking practice are often made by the household head
solely or in consultation with other members, and is in line
with a previous study from Afghanistan [29]. Other vari-
ables include household’s wealth quintile, urban or rural
locality, provinces, ecological region, developmental region,
and eco-developmental region. Wealth index was calcu-
lated using the principal component analysis and based on
the housing characteristics (e.g. drinking water source, toilet
facilities, and flooring materials) and the number and types
of consumer goods (e.g. television, bicycle, car etc.) owned
by the household, [28]. Then, wealth quintiles are compiled
by dividing the distribution into five equal categories, each
comprising 20% of the population.
Statistical analyses
Sample weights were adjusted according to the 2016
NDHS guidelines to generate a nationally represen-
tative sample [28]. Rao-Scott Chi-Square test was
used to test the differences in fuel types, cooking
practices, indoor smoking, and IAP, by explanatory
variables characteristics. Univariate and multivari-
able logistic regressions were used to compute odds
ratios (ORs) and 95% confidence interval (CI). Mul-
tivariable models were adjusted for age, sex, and
education level of the house hold head and house-
hold wealth quintiles. Each of the geographical vari-
ables (provinces, developmental region, ecological
region, and eco-developmental region) were evalu-
ated in separate models. Data analyses was per-
formed using the survey procedures that account for
the weights and complex survey design of the 2016
NDHS, in SAS 9.4 (SAS Institute Inc., Cary, NC) at
an alpha significance level of 0.05. The maps, show-
ing the geographic distribution of IAP markers by
districts of Nepal, was created in SAS v9.4 using
gmap procedure [30]. The details of the province
and districts along with their estimates and 95% CI
are provided in Additional file 1: Table S1.
Results
Fuel types
Nearly 60% of households relied on wood for cooking;
the distribution of these was the highest in Province-1
(11.8%), among those in the lowest wealth quintile
(19.5%), and among those where the household head
had no education (28.9%) (Fig. 1a-c). LPG was used by
about 30% of the overall households; these were mostly
in Province-3 (13.1%), those that belonged to the highest
wealth quintile (14.1%) and had educated household
head (secondary education: 11.4% and higher education:
8.1%) (Fig. 1a-c).
Only 34% of the households used clean fuel
(Table 1). Table 1 shows the distribution of household
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fuel types by socio-demographic and geographical
characteristics. In adjusted binary logistic regression,
the odds of using clean fuel was higher in the house-
holds headed by a female and those having any level
of formal education (Table 2). However, households
headed by older age groups compared to the youngest
age group (15–24 years) had lower odds of using clean
fuels (Table 2). The households belonging to lower
wealth quintiles and located in rural areas had lower
odds of using clean fuels. Households in Province 2
had lower odds of using clean fuels but those in Prov-
ince 3 and 4 had higher odds. Households from Cen-
tral, Western, and Mid-western development regions
were more likely to use clean fuels compared to those
in the Eastern development region (Table 2). Figure 2
(A, B) shows the geographic distribution of unclean
fuel use by districts and provinces. Most of the dis-
tricts from Provinces 1, 2, 6 and 7 have over 80% of
households using unclean fuel.
Indoor cooking practice
About 45% of the households did not have a separate
kitchen to cook in. Table 1 shows the distribution of
household indoor cooking practice by
socio-demographic and geographical characteristics. In
adjusted binary logistic regression, the odds of cook-
ing in a separate kitchen was higher in households
that were headed by a female, with any level of formal
education, and older age groups (Table 2). In contrast,
cooking in a separate kitchen was less likely to be found
in a household that belonged to lower wealth quintiles,
located in rural areas, Province 2 and 3, and in the
Terai region. Households in the Central development
region were less likely to cook in a separate kitchen
compared to those in the Eastern region (Table 2). Fig-
ure 3 shows the geographic distribution of indoor cook-
ing practice. Nearly all districts, apart from a few in
Province 1, had below 50% of households which had a
separate kitchen to cook in.
A
B
C
Fig. 1 Fuel use patterns by provinces (a), wealth quintile (b), and education level (c) - 2016 Nepal Demographic and Health Survey (N = 11,012)
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Table 1 Distribution of markers of indoor air pollution by key socio-demographic, geographic and ecological variables: 2016 Nepal
Demographic and Health Survey
Variable Fuel type Cooking practice Indoor smoking Indoor air pollution
Clean
(3282,
34%)
Unclean
(7730,
66%)
p-
value
Separate
kitchen
(4229,
55.5%)
No separate
kitchen
(3188,
44.5%)
p-value No (5992,
56.9%)
Yes (5048,
43.1%)
p-value No (1705,
17.0%)
Yes (9335,
83.0%)
p-value
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Sex of household head
Male 2175
(67.9)
5254
(69.1)
0.4118 2811
(68.2)
2097 (67.4) 0.5803 3761
(64.8)
3690
(73.8)
< 0.001 1132
(67.9)
6319
(68.8)
0.5724
Female 1107
(32.1)
2476
(30.9)
1418
(31.8)
1091 (32.6) 2231
(35.2)
1358
(26.2)
573
(32.1)
3016
(31.2)
Age of household head in, years
15–25 278
(8.48)
321
(4.02)
< 0.001 163
(3.7)
301 (9.7) < 0.001 412
(7.1)
202
(3.8)
< 0.001 85
(4.9)
529
(5.8)
0.0166
25–35 787
(24.4)
1444
(18.2)
809
(18.5)
743 (24.4) 1417
(23.5)
820
(16.1)
363
(21.2)
1874
(20.1)
35–45 781
(23.7)
1774
(23.0)
976
(23.5)
664 (20.4) 1503
(25.2)
1052
(20.5)
442
(26.0)
2113
(22.6)
45–55 681
(20.8)
1684
(21.7)
1002
(23.9)
581 (17.7) 1150
(18.8)
1218
(24.7)
383
(22.2)
1985
(21.2)
55–65 448
(12.8)
1392
(18.3)
721
(16.7)
501 (15.5) 830
(13.9)
1010
(19.7)
244
(14.1)
1596
(16.9)
> 65 307
(9.85)
1115
(14.8)
558
(13.6)
398 (12.3) 680
(11.5)
746
(15.2)
188
(11.7)
1238
(13.4)
Education level of household head
No education,
preschool
642
(18.6)
3775
(49.6)
< 0.001 1439
(31.4)
1484 (45.5) < 0.001 2078
(33.8)
2345
(46.0)
< 0.001 289
(15.9)
4134
(43.8)
< 0.001
Primary (Grade 1–
5)
585
(18.3)
1976
(24.9)
950
(22.1)
756 (22.4) 1167
(19.4)
1394
(26.7)
238
(14.8)
2323
(24.2)
Secondary (Grade
5–10)
1231
(37.4)
1608
(21.2)
1254
(31.5)
646 (21.7) 1798
(30.3)
1048
(21.9)
668
(39.0)
2178
(24.2)
Higher (Above
grade 10)
818
(25.3)
366
(4.27)
583
(14.8)
300 (10.2) 948
(16.4)
251
(5.1)
509
(30.2)
690
(7.7)
Don’t know 6
(0.36)
5 (0.08) 3 (0.2) 2 (0.2) 1 (0.0) 10 (0.4) 1 (0.1) 10 (0.2)
Wealth quintile
Quintile 1 19
(0.47)
2744
(30.2)
< 0.001 943
(17.1)
1290 (32.3) < 0.001 1002
(13.2)
1764
(29.1)
< 0.001 4 (0.2) 2762
(24.1)
< 0.001
Quintile 2 137
(3.26)
2289
(29.0)
926
(19.5)
630 (18.9) 1152
(17.4)
1277
(24.0)
39 (1.9) 2390
(24.0)
Quintile 3 616
(15.7)
1579
(22.3)
675
(15.3)
511 (17.7) 273
(20.8)
927 (19.2) 220
(11.0)
1980
(21.9)
Quintile 4 1147
(36.3)
777
(12.5)
681
(18.8)
576 (23.6) 1303
(24.5)
637 (15.6) 505
(28.5)
1435
(19.1)
Quintile 5 1363
(44.3)
341
(5.94)
1004
(29.3)
181 (7.5) 1262
(24.1)
443 (12.1) 937
(58.4)
768
(10.9)
Residency
Urban 2824
(86.3)
4129
(48.5)
< 0.001 2867
(68.3)
1824 (57.0) < 0.001 3985
(64.3)
2993
(57.7)
0.0033 1458
(85.1)
5520
(56.6)
< 0.001
Rural 458
(13.7)
3601
(51.5)
1362
(31.7)
1364 (43.0) 2007
(35.7)
2055
(42.3)
247
(14.9)
3815
(43.4)
Provinces
Province 1 530 1140 < 0.001 637 353 (12.9) < 0.001 1001 674 < 0.001 335 1340 < 0.001
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Table 1 Distribution of markers of indoor air pollution by key socio-demographic, geographic and ecological variables: 2016 Nepal
Demographic and Health Survey (Continued)
Variable Fuel type Cooking practice Indoor smoking Indoor air pollution
Clean
(3282,
34%)
Unclean
(7730,
66%)
p-
value
Separate
kitchen
(4229,
55.5%)
No separate
kitchen
(3188,
44.5%)
p-value No (5992,
56.9%)
Yes (5048,
43.1%)
p-value No (1705,
17.0%)
Yes (9335,
83.0%)
p-value
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
(15.7) (19.4) (17.8) (18.8) (17.3) (19.6) (17.9)
Province 2 285
(8.36)
1336
(23.3)
270
(7.9)
401 (16.5) 998
(20.0)
628 (16.0) 174
(10.0)
1452
(19.9)
Province 3 819
(40.9)
818
(13.5)
706
(26.6)
645 (30.2) 828
(21.8)
811 (24.2) 343
(32.5)
1296
(20.9)
Province 4 561
(12.7)
930
(9.52)
695
(13.3)
417 (9.8) 906
(11.4)
592 (9.7) 300
(13.7)
1198
(10.0)
Province 5 577
(16.5)
1050
(16.1)
736
(19.2)
490 (16.5) 1040
(18.3)
591 (13.5) 324
(18.6)
1307
(15.8)
Province 6 240
(1.70)
1245
(7.62)
630
(6.7)
472 (6.2) 572
(3.4)
916 (8.6) 110
(1.6)
1378
(6.4)
Province 7 270
(4.16)
1211
(10.4)
555
(8.5)
410 (7.9) 647
(6.4)
836 (10.8) 119
(4.0)
1364
(9.2)
Ecological region
Mountain 114
(2.80)
797
(9.31)
0.0012 436
(8.7)
335 (8.6) 0.6546 303
(4.3)
608 (10.7) < 0.001 43 (2.1) 868
(8.1)
0.0005
Hill 1550
(53.1)
3745
(43.1)
2340
(55.7)
1756 (53.4) 2740
(44.2)
2571
(49.5)
723
(45.7)
4588
(46.7)
Terai 1618
(44.1)
3188
(47.6)
1453
(35.7)
1097 (38.0) 2949
(51.4)
1869
(39.8)
939
(52.2)
3879
(45.2)
Developmental region
Eastern 565
(16.8)
1578
(26.9)
< 0.001 654
(18.3)
400 (14.9) 0.0004 1249
(23.6)
899 (23.2) < 0.001 354
(20.7)
1794
(24.0)
< 0.001
Central 1069
(48.2)
1716
(29.3)
959
(34.0)
999 (44.8) 1578
(37.0)
1214
(34.2)
498
(41.4)
2294
(34.6)
Western 936
(23.8)
1487
(18.5)
1109
(24.5)
714 (20.2) 1570
(23.5)
864
(16.2)
526
(27.1)
1908
(19.0)
Mid-western 442
(7.05)
1738
(14.8)
952
(14.7)
665
(12.3)
948
(9.6)
1235
(15.5)
208
(6.8)
1975
(13.2)
Far-western 270
(4.16)
1211
(10.4)
555
(8.5)
410
(7.9)
647
(6.4)
836
(10.8)
119
(4.0)
1364
(9.2)
Eco-developmental region
Eastern mountain 11
(0.48)
137
(2.56)
< 0.001 76 (2.5) 38 (1.5) 0.0002 62 (1.4) 86 (2.5) < 0.001 5 (0.5) 143
(2.1)
< 0.001
Central mountain 55
(1.59)
168
(2.39)
77 (1.9) 100 (3.3) 74 (1.3) 149 (3.2) 19 (1.1) 204
(2.3)
Western mountain 48
(0.72)
492
(4.36)
283
(4.3)
197 (3.7) 167 (1.7) 373 (5.0) 19 (0.5) 521
(3.6)
Eastern hill 30
(1.11)
508
(9.05)
193
(5.9)
174 (6.6) 252 (5.2) 286 (7.8) 19 (1.4) 519
(7.3)
Central hill 699
(36.6)
568
(9.31)
575
(22.7)
504 (24.6) 676
(18.5)
593 (18.8) 285
(28.1)
984
(16.7)
Western hill 577
(13.3)
1053
(12.2)
806
(16.7)
461 (11.8) 1009
(13.7)
632 (11.2) 305
(14.2)
1336
(12.3)
Mid-western hill 233
(1.88)
1176
(8.49)
583
(7.5)
437 (6.7) 616 (4.8) 796 (8.1) 108 (1.9) 1304
(7.1)
Far-western hill 11 440 183 180 (3.7) 187 (2.0) 264 (3.7) 6 (0.2) 445 (3.2)
Ghimire et al. BMC Public Health          (2019) 19:195 Page 6 of 15
Indoor smoking
Overall, indoor smoking was observed in 43% of the
households. Table 1 shows the distribution of indoor
smoking by socio-demographic and geographical charac-
teristics. In adjusted binary logistic regression, the odds of
‘not smoking indoor’ was higher in a household headed by
a female and by members with secondary or higher educa-
tion compared to those without education (Table 2).
Household headed by older age groups, compared to 15–
24 years, had lower odds of not smoking indoors. Like-
wise, a household with lower wealth quintiles compared
to the highest wealth quintiles, and in Province 3, 6 and 7
compared to Province 1 had lower odds of not smoking
indoors. Households in Mid- and Far-western develop-
ment regions were less likely to smoke indoors compared
to the Eastern region (Table 2). Figure 4 shows indoor
smoking by districts and provinces. In the majority of dis-
tricts, the prevalence of indoor smoking was below 50%,
except a few districts in Province 6 where indoor smoking
was prevalent in over 70% households.
Indoor air pollution
IAP was found in more than 80% of the households. Table
1 shows the distribution of IAP by socio-demographic and
geographical characteristics. In the adjusted model, house-
holds headed by females, older age members compared to
youngest age group (15–24 years), and those headed by
relatively educated members had higher odds of no IAP
(Table 2). In contrast, households in lower wealth quintiles
compared to those in the highest quintile, in rural areas
compared to urban areas, and in Province 2 compared to
Province 1 were more likely to have IAP (Table 2). Figure 5
shows the geographic distribution of at least one marker
at the household level. In nearly all districts, IAP was
prevalent in over 80% of households.
Discussion
This study assessed the geographic distributions and
socio-economic determinants of IAP and its markers, spe-
cifically, fuel types, cooking practices, and indoor smoking
in Nepal. The prevalence of unclean fuel use, not having a
separate kitchen to cook in, indoor smoking indicate a
high IAP in Nepal. Socio-demographic characteristics of
the household head influenced indoor environment; the
household head being female and having a formal educa-
tion favored a cleaner indoor environment. Poor house-
hold economy (as measured by wealth quintiles) and
being located in rural areas was associated with an un-
clean indoor environment. There also exists a geographic
variation in the distribution of IAP and its markers.
The findings that there exists a high burden of unclean
fuel types, lack of a separate kitchen to cook in, presence
of indoor smoking, and subsequent IAP in Nepal was
somewhat expected and is supported by previous studies
[11, 12, 31]. Notably, around 60% of the households used
solid fuel. Burning biomass fuel for daily activities such
as cooking and heating is common in Nepal, especially
among rural households [16, 31, 32]. Nepal ranks as the
17th poorest country, with less than $1000 gross domes-
tic income per capita. Clean fuels are expensive com-
pared to solid fuels [33]. Therefore, the majority of
Nepalese households use cheaper, solid (unclean) fuels
(such as wood, dung and crop residues) which are
cheaper and more widely available [34].
Our findings that fuel choice, cooking practices and
indoor smoking are significantly associated with house-
holds SES are in line with a previous systematic review
Table 1 Distribution of markers of indoor air pollution by key socio-demographic, geographic and ecological variables: 2016 Nepal
Demographic and Health Survey (Continued)
Variable Fuel type Cooking practice Indoor smoking Indoor air pollution
Clean
(3282,
34%)
Unclean
(7730,
66%)
p-
value
Separate
kitchen
(4229,
55.5%)
No separate
kitchen
(3188,
44.5%)
p-value No (5992,
56.9%)
Yes (5048,
43.1%)
p-value No (1705,
17.0%)
Yes (9335,
83.0%)
p-value
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
(0.15) (4.04) (2.9)
Eastern terai 524
(15.2)
933
(15.3)
385 (9.9) 188 (6.7) 935
(17.0)
527 (13.0) 330
(18.8)
1132
(14.6)
Central terai 315
(10.0)
980
(17.6)
307 (9.5) 395 (16.9) 828
(17.2)
472 (12.2) 194
(12.3)
1106
(15.6)
Western terai 359
(10.5)
434
(6.31)
303 (7.8) 253 (8.4) 561
(9.7)
232 (5.0) 221
(12.9)
572
(6.6)
Mid-western terai 192
(5.01)
326
(4.34)
226 (5.2) 135 (4.0) 281
(4.3)
237 (4.9) 91 (4.7) 427 (4.5)
Far-western terai 228
(3.44)
515
(4.00)
232 (3.3) 126 (2.1) 344 (3.1) 401 (4.7) 103 (3.5) 642 (3.9)
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Table 2 Univariate and multivariable analyses of markers of indoor air pollution by selected sociodemographic, geographic and
ecology variables: 2016 Nepal Demographic and Health Survey (N = 11,012)
Variable Clean Fuel Use (n = 3282, 34%) Cooking in separate kitchen
(n = 4229, 55.5%)
No Indoor Smoking (n = 5992,
56.9%)
No Indoor Air Pollution
(n = 1705, 17.0%)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
a Sex of house hold head
Male Reference Reference Reference Reference
Female 1.06 (0.93, 1.20) 1.85 (1.52,
2.26)
0.96 (0.85,
1.10)
1.54 (1.32,
1.79)
1.53 (1.38,
1.68)
1.64 (1.47,
1.84)
1.04 (0.90,
1.21)
2.18 (1.79,
2.65)
b Age of household head
15–24 Reference Reference Reference
Reference
25–34 0.64 (0.47,
0.85)
0.58 (0.42,
0.81)
1.97 (1.45,
2.67)
2.26 (1.65,
3.07)
0.78 (0.59,
1.03)
0.93 (0.71,
1.23)
1.25 (0.94,
1.67)
1.59 (1.07,
2.37)
35–44 0.49 (0.36,
0.66)
0.44 (0.31,
0.62)
2.98 (2.16,
4.11)
3.78 (2.74,
5.21)
0.66 (0.50,
0.87)
0.88 (0.67,
1.15)
1.37 (1.02,
1.84)
2.12 (1.44,
3.12)
45–54 0.45 (0.33,
0.62)
0.45 (0.32,
0.63)
3.51 (2.57,
4.79)
5.03 (3.68,
6.87)
0.41 (0.31,
0.54)
0.57 (0.42,
0.77)
1.25 (0.91,
1.70)
2.10 (1.33,
3.32)
55–64 0.33 (0.24,
0.46)
0.42 (0.29,
0.62)
2.79 (1.99,
3.91)
4.85 (3.43,
6.86)
0.38 (0.28,
0.50)
0.61 (0.45,
0.82)
0.99 (0.69,
1.44)
2.37 (1.48,
3.80)
> =65 0.32 (0.22,
0.45)
0.55 (0.36,
0.83)
2.87 (2.02,
4.08)
5.91 (4.10,
8.52)
0.40 (0.30,
0.54)
0.70 (0.52,
0.95)
1.04 (0.71,
1.54)
3.50 (2.13,
5.76)
c Education level of household head
No education,
preschool
Reference Reference Reference
Reference
Primary (Grade
1–5)
1.96 (1.69,
2.28)
2.08 (1.69,
2.55)
1.43 (1.23,
1.67)
1.81 (1.51,
2.17)
0.99 (0.88,
1.12)
0.96 (0.85,
1.09)
1.68 (1.39,
2.03)
1.80 (1.42,
2.28)
Secondary (Grade
5–10)
4.71 (4.06,
5.46)
3.01 (2.35,
3.86)
2.10 (1.81,
2.45)
2.54 (2.11,
3.05)
1.88 (1.65,
2.15)
1.45 (1.24,
1.69)
4.43 (3.61,
5.44)
3.30 (2.52,
4.32)
Higher (Above
grade 10)
15.77 (12.31,
20.19)
6.61 (4.75,
9.18)
2.09 (1.59,
2.76)
2.39 (1.84,
3.11)
4.43 (3.67,
5.35)
2.87 (2.32,
3.54)
10.83 (8.45,
13.88)
6.13 (4.64,
8.11)
d Wealth
Quintile 5 Reference Reference Reference
Reference
Quintile 4 0.39 (0.30,
0.50)
0.42 (0.33,
0.54)
0.20 (0.15,
0.28)
0.26 (0.18,
0.36)
0.78 (0.67,
0.92)
0.80 (0.69,
0.93)
0.28 (0.22,
0.35)
0.33 (0.26,
0.42)
Quintile 3 0.09 (0.07,
0.13)
0.11 (0.08,
0.15)
0.22 (0.17,
0.29)
0.29 (0.21,
0.39)
0.54 (0.44,
0.67)
0.61 (0.50,
0.74)
0.09 (0.07,
0.12)
0.12 (0.09,
0.15)
Quintile 2 0.02 (0.01,
0.02)
0.02 (0.01,
0.03)
0.26 (0.20,
0.35)
0.34 (0.25,
0.48)
0.36 (0.29,
0.45)
0.44 (0.35,
0.55)
0.02 (0.01,
0.02)
0.02 (0.01,
0.03)
Quintile 1 0.00 (0.00,
0.00)
0.00 (0.00,
0.01)
0.13 (0.10,
0.18)
0.19 (0.14,
0.26)
0.23 (0.18,
0.28)
0.28 (0.22,
0.35)
0.00 (0.00,
0.00)
0.00 (0.00,
0.01)
e Residency
Urban Reference Reference Reference
Reference
Rural 0.15 (0.10,
0.22)
0.03 (0.02,
0.05)
0.62 (0.49,
0.77)
0.67 (0.53,
0.84)
0.76 (0.63,
0.91)
0.88 (0.74,
1.05)
0.23 (0.16,
0.33)
0.20 (0.15,
0.27)
e Provinces
Province 1 Reference Reference Reference
Reference
Province 2 0.44 (0.27,
0.73)
0.26 (0.15,
0.44)
0.35 (0.24,
0.51)
0.27 (0.18,
0.41)
1.14 (0.83,
1.58)
1.12 (0.81,
1.53)
0.46 (0.28,
0.74)
0.35 (0.22,
0.53)
Province 3 3.74 (2.29, 5.20 (3.22, 0.64 (0.45, 0.49 (0.34, 0.83 (0.61, 0.63 (0.49, 1.42 (0.95, 0.86 (0.61,
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Table 2 Univariate and multivariable analyses of markers of indoor air pollution by selected sociodemographic, geographic and
ecology variables: 2016 Nepal Demographic and Health Survey (N = 11,012) (Continued)
Variable Clean Fuel Use (n = 3282, 34%) Cooking in separate kitchen
(n = 4229, 55.5%)
No Indoor Smoking (n = 5992,
56.9%)
No Indoor Air Pollution
(n = 1705, 17.0%)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
6.09) 8.42) 0.91) 0.72) 1.11) 0.82) 2.14) 1.22)
Province 4 1.65 (1.02,
2.66)
2.21 (1.37,
3.58)
0.99 (0.70,
1.40)
0.85 (0.59,
1.22)
1.08 (0.81,
1.43)
1.03 (0.78,
1.36)
1.25 (0.83,
1.86)
1.22 (0.85,
1.76)
Province 5 1.26 (0.76,
2.09)
1.19 (0.69,
2.05)
0.85 (0.58,
1.24)
0.75 (0.48,
1.17)
1.24 (0.93,
1.66)
1.19 (0.92,
1.53)
1.08 (0.68,
1.71)
0.92 (0.63,
1.35)
Province 6 0.28 (0.16,
0.48)
1.37 (0.81,
2.34)
0.78 (0.53,
1.16)
1.43 (0.91,
2.22)
0.36 (0.25,
0.51)
0.46 (0.33,
0.65)
0.22 (0.13,
0.38)
0.94 (0.62,
1.41)
Province 7 0.49 (0.27,
0.91)
0.78 (0.44,
1.41)
0.79 (0.54,
1.14)
1.12 (0.77,
1.65)
0.54 (0.39,
0.75)
0.59 (0.43,
0.79)
0.40 (0.20,
0.82)
0.61 (0.34,
1.08)
e Developmental region
Eastern Reference Reference Reference
Reference
Central 2.64 (1.70,
4.11)
2.62 (1.59,
4.30)
0.62 (0.45,
0.85)
0.48 (0.33,
0.68)
1.06 (0.83,
1.36)
0.90 (0.71,
1.14)
1.39 (0.95,
2.04)
0.99 (0.69,
1.42)
Western 2.07 (1.33,
3.23)
2.18 (1.34,
3.54)
0.99 (0.71,
1.38)
0.78 (0.54,
1.12)
1.42 (1.12,
1.79)
1.31 (1.05,
1.63)
1.66 (1.11,
2.47)
1.41 (0.98,
2.03)
Mid-western 0.77 (0.46,
1.27)
2.47 (1.37,
4.43)
0.97 (0.68,
1.38)
1.45 (0.94,
2.23)
0.61 (0.47,
0.78)
0.73 (0.57,
0.94)
0.59 (0.37,
0.96)
1.46 (0.92,
2.32)
Far-western 0.64 (0.35,
1.16)
1.19 (0.67,
2.12)
0.88 (0.61,
1.27)
1.26 (0.87,
1.84)
0.58 (0.43,
0.78)
0.64 (0.48,
0.84)
0.51 (0.25,
1.03)
0.85 (0.47,
1.53)
e Ecological region
Mountain Reference Reference Reference
Reference
Hill 4.11 (1.47,
11.49)
2.17 (0.86,
5.47)
1.03 (0.70,
1.50)
0.74 (0.50,
1.10)
2.19 (1.59,
3.02)
1.73 (1.33,
2.25)
3.77 (1.48,
9.61)
1.44 (0.78,
2.67)
Terai 3.08 (1.15,
8.27)
0.61 (0.24,
1.54)
0.92 (0.62,
1.38)
0.56 (0.36,
0.85)
3.18 (2.33,
4.34)
2.35 (1.79,
3.07)
4.44 (1.77,
11.10)
1.24 (0.66,
2.31)
e Eco-developmental region
Central hill Reference Reference Reference Reference
Eastern mountain 0.05 (0.01,
0.20)
0.18 (0.04–
0.75)
1.74 (0.88,
3.42)
4.15 (1.84,
9.37)
0.57 (0.40,
0.83)
1.08 (0.78,
1.50)
0.13 (0.03,
0.54)
1.12 (0.33,
3.77)
Central mountain 0.17 (0.03,
0.91)
0.37 (0.09–
1.49)
0.61 (0.30,
1.26)
0.92 (0.51,
1.64)
0.39 (0.18,
0.86)
0.57 (0.33,
0.96)
0.29 (0.07,
1.18)
0.88 (0.46,
1.68)
Western
mountain
0.04 (0.01,
0.18)
0.09 (0.02–
0.43)
1.27 (0.77,
2.10)
3.36 (2.02,
5.59)
0.35 (0.23,
0.52)
0.58 (0.40,
0.82)
0.09 (0.02,
0.37)
0.42 (0.13,
1.40)
Eastern hill 0.03 (0.01,
0.08)
0.08 (0.04–
0.19)
0.96 (0.58,
1.60)
2.09 (1.22,
3.58)
0.68 (0.41,
1.12)
1.24 (0.76,
2.02)
0.11 (0.05,
0.29)
0.82 (0.35,
1.90)
Western hill 0.28 (0.17,
0.46)
0.29 (0.18–
0.46)
1.54 (1.10,
2.15)
1.95 (1.42,
2.69)
1.25 (0.94,
1.66)
1.63 (1.23,
2.16)
0.69 (0.47,
1.01)
1.28 (0.91,
1.80)
Mid-western hill 0.06 (0.03,
0.10)
0.19 (0.11–
0.32)
1.23 (0.84,
1.79)
3.31 (2.26,
4.84)
0.60 (0.42,
0.85)
1.06 (0.76,
1.47)
0.15 (0.08,
0.28)
1.13 (0.67,
1.91)
Far-western hill 0.01 (0.00,
0.03)
0.03 (0.01–
0.07)
0.84 (0.52,
1.36)
2.13 (1.35,
3.35)
0.53 (0.34,
0.83)
1.01 (0.68,
1.51)
0.03 (0.01,
0.09)
0.28 (0.10,
0.84)
Eastern terai 0.25 (0.15,
0.42)
0.11 (0.06–
0.19)
1.62 (1.07,
2.44)
1.45 (0.92,
2.28)
1.33 (0.99,
1.79)
1.53 (1.15,
2.02)
0.77 (0.50,
.17)
0.87 (0.59,
1.30)
Central terai 0.14 (0.08,
0.26)
0.08 (0.04–
0.14)
0.61 (0.42,
0.89)
0.66 (0.45,
0.98)
1.43 (0.99,
2.06)
1.91 (1.36,
2.70)
0.47 (0.27,
0.79)
0.68 (0.45,
1.04)
Western terai 0.42 (0.22, 0.19 (0.09– 1.01 (0.59, 0.84 (0.49, 1.95 (1.39, 2.27 (1.71, 1.15 (0.67, 1.19 (0.75,
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[25]. Illiteracy coupled with poverty seem to have a role
in unclean choices made by households. The overall
literacy rate in Nepal is 62%, and it is significantly lower
in the rural areas [35]. Given that educated individuals
might be aware of the well-established harmful health
impact of IAP [1, 5], households with higher income
paired with an educated household head are more likely
to use expensive, cleaner, and safer fuel [25].
We also observed that clean fuel use and cooking in a
separate kitchen were less common in rural areas than
in urban areas. These findings are in line with previous
studies [25, 36], and may be explained by the fact that
rural settings have limited availability of clean fuels and
access to forest wood/fuel is easier [25]. Additionally,
overall poverty rates and illiteracy are higher in rural
Nepal [35, 37]. Thus, poverty and illiteracy coupled with
Table 2 Univariate and multivariable analyses of markers of indoor air pollution by selected sociodemographic, geographic and
ecology variables: 2016 Nepal Demographic and Health Survey (N = 11,012) (Continued)
Variable Clean Fuel Use (n = 3282, 34%) Cooking in separate kitchen
(n = 4229, 55.5%)
No Indoor Smoking (n = 5992,
56.9%)
No Indoor Air Pollution
(n = 1705, 17.0%)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
Unadjusted
Odds Ratio
(95% CI)
Adjusted
Odds Ratio
(95% CI)
0.82) 0.38) 1.71) 1.44) 2.74) 3.02) 1.97) 1.89)
Mid-western terai 0.29 (0.15,
0.56)
0.36 (0.16–
0.84)
1.40 (0.77,
2.53)
2.00 (0.94,
4.25)
0.90 (0.63,
1.30)
1.21 (0.88,
1.66)
0.62 (0.37,
1.06)
1.33 (0.76,
2.32)
Far-western terai 0.22 (0.12,
0.42)
0.19 (0.09–
0.36)
1.74 (1.20,
2.52)
2.97 (1.95,
4.52)
0.68 (0.44,
1.07)
0.83 (0.55,
1.25)
0.53 (0.26,
1.11)
0.99 (0.53,
1.85)
NA: Could not be estimated due to low cell frequency for that category
Significant odds ratio are bolded
aMultivariable model was adjusted for age, education level of the house hold head and household wealth quintiles
bMultivariable model was adjusted for sex, education level of the house hold head and household wealth quintiles
cMultivariable model was adjusted for age, sex, and household wealth quintiles
dMultivariable model was adjusted for age, sex, and education level of the house hold head
eMultivariable model was adjusted for age, sex, education level of the house hold head and household wealth quintiles
Fig. 2 Geographical distribution of unclean fuel use by districts and provinces of Nepal. The prevalence is reported in percentage and is divided
into six groups (< 50%, 50–60%, 60–70%, 70–80%, 80–90, > 90%). Estimates for two districts Manang, and Mustang were not available (NA). Refer
to methods section for definition of variables, and Additional file 1: Table S1 for district and province wise estimates and their 95% CI. The map is
created using GMAP procedure in SAS 9.4
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Fig. 3 Geographical distribution of households lacking a separate kitchen for cooking by provinces and districts of Nepal. The prevalence is
reported in percentage and is divided into six groups (< 50%, 50–60%, 60–70%, 70–80%, 80–90, > 90%). Estimates for two districts Manang, and
Mustang were not available (NA). Refer to methods section for definition of variables, and Additional file 1: Table S1 for district and province wise
estimates and their 95% CI. The map is created using GMAP procedure in SAS 9.4
Fig. 4 Geographical distribution of indoor smoking by provinces and districts of Nepal. The prevalence is reported in percentage and is divided
into six groups (< 50%, 50–60%, 60–70%, 70–80%, 80–90, > 90%). Estimates for two districts Manang, and Mustang were not available (NA). Refer
to methods section for definition of variables, and Additional file 1: Table S1 for district and province wise estimates and their 95% CI. The map is
created using GMAP procedure in SAS 9.4
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limited clean-fuel access might explain the rural-urban
difference in practices contributing to clean indoor air.
In our study, households with a female head were
more likely to use cleaner fuel and cook in a separate
kitchen, which is in line with a previous study [25].
However, in our study, the majority of the studied
households had male heads and with a prevalence of un-
clean choices. Nepal is a patriarchal society where the
household decision-making is primarily confined to male
members and females are obligated to follow the deci-
sions [38, 39]. In a household headed by a female, the
decision to choose a smokeless stove was common.
Analysis by geography suggests a variation in the distri-
bution of IAP and its markers. Although, most of the dis-
tricts and provinces individually have a high burden of
IAP and its markers, households in Province 2 (referenced
to Province 1) were particularly prone to indoor pollution
and/or its markers whereas households in Central deve-
lopment region (referenced to the Eastern region) used
clean fuels but lacked a separate kitchen to cook. The geo-
graphical disparity in the indoor environment is closely
linked with the socio-economic disparities by the regions
of the country. Recent estimates reveal that Province 2 is
the poorest province in terms of poverty intensity and the
percentage of the population that is in severe poverty [40].
Furthermore, there is a disharmony in the level of
industrialization and urbanization by geographical regions
of Nepal [41], which may lead to geographical variation in
peoples’ access to clean energy options [42]. Since many
of the most developed cities of Nepal lie in the central
development region, access to clean fuel is higher and
supply of woods as fuel is low due to deforestation and
urbanization. This region also has a higher literacy rate
and more employment opportunities. However, due to
rapid population growth and unplanned urbanization,
people, especially in the Kathmandu valley of this region,
are forced to rent/own small spaces and may not have
space for a separate kitchen [16]. Similarly, education is
crucial for the adoption of cleaner energy options [25].
However, literacy rate also varies substantially between
Nepal’s districts and regions [35], with the highest literacy
rate being in the central development region. In another
district, Rautahat, of Province 2, only 42% of the popula-
tion are literate [16]. Further, the North to South division
of the country into three altitude-based divisions, namely
Mountain, Hill and Terai, shows substantial variation in
geography, climate, biodiversity, and socio-cultural and
lifestyle activities [43]. For example, the Mountain region,
also known as the Himalayas in the west, contains eight of
the world’s ten tallest mountains, including the Everest,
and more than 240 peaks over 6000m [16]. The climate is
often cold, and houses are poorly ventilated. In the moun-
tain, indoor activities are high during the cold winter
whereas in Terai, indoor activities are high during
summer/monsoon. Therefore, it also likely that the he-
terogeneity in the markers of IAP at the district and pro-
vinces level may have been brought up by the larger
diversity that exists within Nepal in terms of climate,
Fig. 5 Geographical distribution of households having at least one markers of indoor air pollution (G, H) by provinces and districts of Nepal. The
prevalence is reported in percentage and is divided into six groups (< 50%, 50–60%, 60–70%, 70–80%, 80–90, > 90%). Estimates for two districts
Manang, and Mustang were not available (NA). Refer to methods section for definition of variables, and Additional file 1: Table S1 for district and
province wise estimates and their 95% CI. The map is created using GMAP procedure in SAS 9.4
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culture and behaviors that influence fuel choices, smoking
and lay out of the houses [43].
Strengths and limitations
This is a first nationally representative study exploring the
extent of fuel use, practices and makers of IAP with regard
to household SES and geography in the Nepalese context.
Evaluating factors like indoor smoking and separate
kitchen for cooking provides better estimates of IAP
exposure as compared to earlier studies which were li-
mited to fuel type households used. Geographic analyses
are helpful to design targeted interventions; however, this
study being cross-sectional in nature limits causal infe-
rences. Since 2016, NDHS collected information on the
primary source of fuel; there may be misclassification bias
towards referring to cooking fuel and in the cases where a
given household uses a combination of different fuels. The
2016 NDHS survey was not designed, primarily, for dis-
trict-level analyses; there is a possibility that our geo-
graphic mapping of prevalence is underpowered for some
districts where fewer households were sampled. However,
we tried to overcome this limitation by providing the
95% CI of the prevalence instead of point estimate
(Additional file 1) as well as by two-stage mapping, i.e.
provinces and subsequently district level. The 2016
NDHS did not have two of the cooking practice va-
riables, i.e. “Food cooked on stove or open fire” and
“Household has a chimney, hood or neither.” Another
important limitations is that the study defined indoor
air quality based on the type of fuel used, types of
kitchens, and indoor smoking practices. Future study
will benefit from using more robust indicators of
combustion-related air pollution such as PM samplers,
and chemical analysis including black carbon, sulfate,
nitrate, PAHs etc. However, they are expensive options
to be used at the population-level surveys; furthermore,
it requires a trained staff to operate. Therefore our
methodology to charaterize household level IAP
appeared as a solution to this in low income settings
until a low-cost measurement is available. Further, vari-
ation in indoor air quality has been noted by geography,
season, temperature, time of the day needs to be con-
sidered [14]. Therefore, future studies need to be loca-
tion specific as well as consider multiple measurements
to capture aforementioned variability.
Despite the limitations, our study provides new in-
sights into socio-economic and geographic determinants
of indoor air pollution in Nepal. In 2015, Nepal under-
went federal restructuring and was divided into 7 pro-
vinces that serve as the administrative units. Province
level data, although crucial for the de-novo Provincial
government for planning and policy considerations, is
limited. Our findings at the district and province level
may assist policy makers, federal public health agencies,
district health offices, and other stakeholders in informed
decision making, lobbying, and resource prioritization.
Given that data aggregated at the province level masked the
heterogeneity within the districts, provincial government
and future research should be cautious when making deci-
sions based on aggregated data. For example, in Province 1,
the prevalence of solid fuel use was 60–70% but many of
the district in the province (namely Taplejung, Sankhuwa-
sabha, Solukhumbu) had > 90% of solid fuel use.
Conclusions
More than 80% of the Nepalese households had at least
one markers of IAP. With the objective to explore how
households’ SES and geographical location influence fuel
choice and clean indoor practices, this study found that
fuel choice and cooking practices are dependent on
household SES; lower SES household were more likely to
have IAP markers and unclean indoor air. These findings
call for public health interventions targeting low SES
households to reduce the burden of IAP and subsequent
health events. We also note the prevailing geographical
disparity in distribution of fuel choice, cooking practices
and markers of IAP. The findings related to the geogra-
phical distribution of markers of IAP are first to be re-
corded in the Nepalese context and may help the newly
established provincial government and local stakeholders
to identify the needs at a local level.
Additional file
Additional file 1: Table S1. District-wise distribution of fuel types, indoor
cooking practice, indoor smoking, and indoor air pollution: 2016 Nepal
Demographic and Health Survey (N = 11,012). This file provides the district
wise burden estimates used in Figs. 2, 3, 4 and 5. (DOCX 58 kb)
Abbreviations
CI: Confidence Interval; ETS: Environmental Tobacco Smoke; IAP: Indoor Air
Pollution; LPG: Liquefied Petroleum Gas; NDHS: Nepal Demographic and
Health Survey; ORs: Odds Ratios; PSU: Primary Sampling Units;
SES: Socioeconomic Status
Acknowledgments
We would like to thank Mieraf Teka, School of Education, University of
Nevada, Las Vegas for proofreading the final manuscript.
Funding
Authors have received no funding for this work.
Availability of data and materials
The 2016 NDHS data are available for public use upon request. Request for
data should be made at the Demographic and Health Surveys (DHS)
Program website: https://dhsprogram.com/data/.
Authors’ contributions
SG and SRM conceived the idea of the study and conducted the analysis
with a substantial contribution from AS, ASI, BA and NS, in conceptualizing
the design of the study and preparing the analysis plan, acquisition of data
and conducting geographic mapping. SRM, SG, AS, ASI, BA and NS
conducted the literature review and the interpretation of data, and revised it
critically for important intellectual contents. All authors edited the
manuscript to its final stages, and have read and approved the final
Ghimire et al. BMC Public Health          (2019) 19:195 Page 13 of 15
manuscript version. The views expressed in this article are of the authors and
not necessarily of the institutions of their affiliations.
Ethics approval and consent to participate
Nepal Health Research Council and the ICF Institutional Review Board
reviewed and approved the 2016 NDHS protocol. Household head, prior to
interviews, provided written consent. The administrative permissions for data
use was granted by the Demographic and Health Surveys (DHS) Program.
Consent for publication
Not applicable.
Competing interests
Authors have no competing interest associated with this paper. One of the
authors, Dr. Bipin Adhikari is on the editorial board of BMC Public Health.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1Agrata Health and Education (AHEAD)-Nepal, Kathmandu, Nepal. 2Nepal
Development Society, Bharatpur-10, Nepal. 3Department of Global Health,
Boston University School of Public Health, Boston, MA, USA. 4Precision Health
Economics, Boston, MA, USA. 5Department of Environmental and
Occupational Health, University of Nevada, Las Vegas, USA. 6Institute for
Health and Sport (IHeS), Victoria University, Melbourne, Australia. 7Mahidol
Oxford Tropical Medicine Research Unit, Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand.
Received: 8 October 2018 Accepted: 4 February 2019
References
1. World Health Organization: Household air pollution and health : Key facts.
Geneva, 2018. Available at: https://bit.ly/2JwxaXG. Accessed March 2018.
2. World Health Organisation: The world health report 2002: reducing risks,
promoting healthy life: World Health Organization; 2002. Available at: http://
www.who.int/whr/2002/en/. Accessed Nov 2017.
3. Forouzanfar MH, Alexander L, Anderson HR, Bachman VF, Biryukov S, Brauer
M, Burnett R, Casey D, Coates MM, Cohen A, et al. Global, regional, and
national comparative risk assessment of 79 behavioural, environmental and
occupational, and metabolic risks or clusters of risks in 188 countries, 1990-
2013: a systematic analysis for the global burden of disease study 2013.
Lancet. 2015;386(10010):2287–323.
4. World Health Organization: Global Health Risk Mortality and burden of
disease attributable to selected major risks. Geneva, Switzerland; 2009.
Available at: https://bit.ly/1tGJ5RS. Accessed Nov 2017.
5. Harrison RM, Thornton CA, Lawrence RG, Mark D, Kinnersley RP, Ayres
JG. Personal exposure monitoring of particulate matter, nitrogen
dioxide, and carbon monoxide, including susceptible groups. Occup
Environ Med. 2002;59(10):671–9.
6. Rehfuess E, Mehta S, Pruss-Ustun A. Assessing household solid fuel use:
multiple implications for the millennium development goals. Environ Health
Perspect. 2006;114(3):373–8.
7. World Energy Council: World Energy Resources Bioenergy 2016. Available at:
https://bit.ly/2tMoaUx. Accessed Nov 2017.
8. Bonjour S, Adair-Rohani H, Wolf J, Bruce NG, Mehta S, Pruss-Ustun A,
Lahiff M, Rehfuess EA, Mishra V, Smith KR. Solid fuel use for household
cooking: country and regional estimates for 1980-2010. Environ Health
Perspect. 2013;121(7):784–90.
9. Ezzati M, Kammen DM. Quantifying the effects of exposure to indoor air
pollution from biomass combustion on acute respiratory infections in
developing countries. Environ Health Perspect. 2001;109(5):481–8.
10. Clark ML, Peel JL, Balakrishnan K, Breysse PN, Chillrud SN, Naeher LP, Rodes
CE, Vette AF, Balbus JM. Health and household air pollution from solid fuel
use: the need for improved exposure assessment. Environ Health Perspect.
2013;121(10):1120–8.
11. Gurung A, Bell ML. The state of scientific evidence on air pollution and
human health in Nepal. Environ Res. 2013;124:54–64.
12. Chen C, Zeger S, Breysse P, Katz J, Checkley W, Curriero FC, Tielsch JM,
editors. Estimating indoor PM2.5 and CO concentrations in households
in southern Nepal: the Nepal Cookstove intervention trials. PLoS One.
2016;11(7):e0157984.
13. Mahapatra PS, Jain S, Shrestha S, Senapati S, Puppala SP. Ambient
endotoxin in PM10 and association with inflammatory activity, air
pollutants, and meteorology, in Chitwan, Nepal. Sci Total Environ. 2018;
618:1331–42.
14. Bartington SE, Bakolis I, Devakumar D, Kurmi OP, Gulliver J, Chaube G,
Manandhar DS, Saville NM, Costello A, Osrin D, et al. Patterns of domestic
exposure to carbon monoxide and particulate matter in households using
biomass fuel in Janakpur, Nepal. Environ Pollut. 2017;220(Pt A):38–45.
15. Devakumar D, Semple S, Osrin D, Yadav SK, Kurmi OP, Saville NM,
Shrestha B, Manandhar DS, Costello A, Ayres JG. Biomass fuel use and
the exposure of children to particulate air pollution in southern Nepal.
Environ Int. 2014;66:79–87.
16. Central Bureau of Statistics: National population and housing census 2011.
National Report 2012. Available at: https://bit.ly/2DrKMAV. Accessed March
2017.
17. Naz S, Page A, Agho KE. Household air pollution and under-five mortality in
India (1992–2006). Environ Health. 2016;15(1):54.
18. Rehfuess EA, Tzala L, Best N, Briggs DJ, Joffe M. Solid fuel use and cooking
practices as a major risk factor for ALRI mortality among African children. J
Epidemiol Community Health. 2009;63(11):887–92.
19. Naz S, Page A, Agho KE. Household air pollution and under-five
mortality in Bangladesh (2004-2011). Int J Environ Res Public Health.
2015;12(10):12847–62.
20. Naz S, Page A, Agho KE. Household air pollution from use of cooking fuel
and under-five mortality: the role of breastfeeding status and kitchen
location in Pakistan. PLoS One. 2017;12(3):e0173256.
21. Rupakheti D, Oanh NTK, Rupakheti M, Sharma RK, Panday AK, Puppala SP,
Lawrence MG. Indoor levels of black carbon and particulate matters in
relation to cooking activities using different cook stove-fuels in rural Nepal.
Energy for Sustainable Development. 2019;48:25–33.
22. Singh A, Tuladhar B, Bajracharya K, Pillarisetti A. Assessment of effectiveness
of improved cook stoves in reducing indoor air pollution and improving
health in Nepal. Energy Sustain Dev. 2012;16(4):406–14.
23. Nazaroff WW, Singer BC. Inhalation of hazardous air pollutants from
environmental tobacco smoke in US residences. J Expo Anal Environ
Epidemiol. 2004;14(Suppl 1):S71–7.
24. US Department of Health and Human Services: The health consequences of
involuntary exposure to tobacco smoke: a report of the surgeon general.
Atlanta: US Department of Health and Human Services, Centers for Disease
Control and Prevention, Coordinating Center for Health Promotion, National
Center for Chronic Disease Prevention and Health Promotion, Office on
Smoking and Health 2006, 709. Available at: https://bit.ly/2rROz2r
25. Lewis JJ, Pattanayak SK. Who adopts improved fuels and cookstoves? A
systematic review. Environ Health Perspect. 2012;120(5):637–45.
26. Pradhan KM. A policy implementation of the federal constitution in Nepal.
2017. Search for Common Ground. Kathmandu, Nepal. Available at: https://
www.sfcg.org/wpcontent/uploads/2015/04/NEPAL-Issue_Papers-Federalism.
pdf. Accessed 8 Feb 2019.
27. The Demographic and Health Surveys (DHS) Program: List of Countries.
Rockville, MD. Available at: https://dhsprogram.com/Where-We-Work/
Country-List.cfm. Accessed March 2018.
28. Ministry of Health and Population Nepal: Nepal Demo-graphic and Health
Survey 2016. Kathmandu: Ministry of Health, New ERA, ICF; 2016. Available
at: https://bit.ly/2ztxAaC. Accessed March 2017.
29. Paudel U, Khatri U, Pant KP. Understanding the determinants of household
cooking fuel choice in Afghanistan: a multinomial logit estimation. Energy.
2018;156:55–62.
30. Jadoo M: Geospatial analysis with PROC GMAP. Washington, D.C. 2016.
Available at: https://analytics.ncsu.edu/sesug/2016/RV-278_Final_PDF.pdf
31. Ministry of Health and Population, Nepal Health Research Council, World
Health Organisation: Non communicabl diseases risk factors: STEPS Survey
Nepal 2013: Kathmandu; 2014. Available at: https://bit.ly/2J24mC0. Accessed
Jan 2018.
32. Kurmi OP, Semple S, Steiner M, Henderson GD, Ayres JG. Particulate matter
exposure during domestic work in Nepal. Ann Occup Hyg. 2008;52(6):509–17.
33. International Energy Agency. World energy outlook. Paris: IEA; 2011.
Available at: https://bit.ly/2N1Tllf
Ghimire et al. BMC Public Health          (2019) 19:195 Page 14 of 15
34. Nasir ZA, Murtaza F, Colbeck I. Role of poverty in fuel choice and exposure to
indoor air pollution in Pakistan. J Integrative Environ Sci. 2015;12(2):107–17.
35. Central Bureau of Statistics: Annual Household Survey 2014/15. Kathmandu,
Nepal: Government of Nepal, National Planning Commission Secretariat
Central Bureau of Statistics; 2016. Available at: http://103.69.124.159/index.
php/catalog/66/download/974.
36. DeFries R, Pandey D. Urbanization, the energy ladder and forest transitions
in India's emerging economy. Land Use Policy. 2010;27(2):130–8.
37. Asian Development Bank: Country Poverty Analysis (Detailed) Nepal.
Asian Development Bank 2013, Kathmandu, Nepal. Available at: https://
bit.ly/2ccmGuw
38. Acharya DR, Bell JS, Simkhada P, van Teijlingen ER, Regmi PR. Women's
autonomy in household decision-making: a demographic study in Nepal.
Reprod Health. 2010;7:15.
39. El Tayeb Muneer S, Mukhtar Mohamed el W: Adoption of biomass
improved cookstoves in a patriarchal society: an example from Sudan. Sci
Total Environ 2003, 307(1–3):259–266.
40. Oxford Poverty and Human Development Initiative: “Nepal Country
Briefing”, Multidimensional Poverty Index Data Bank. Oxford: OPHI,
University of Oxford; 2017. Available at: https://bit.ly/2Dt4Enl
41. Central Bureau of Statistics: Districts of Nepal, Indicators of Development
Update 2003: International Centre for Integrated Mountain Development
(ICIMOD/MENRIS) with the support of SNV-Nepal; Kathmandu, 20013.
Available at: https://bit.ly/2xP7Bsl. Accessed March 2018.
42. Organisation for Economic Co-operation and Development: Energy in
developing countries: a sectoral analysis: OECD 1994. Accessed March 2018.
43. Risal A, Manandhar K, Steiner TJ, Holen A, Koju R, Linde M. Estimating
prevalence and burden of major disorders of the brain in Nepal: cultural,
geographic, logistic and philosophical issues of methodology. J Headache
Pain. 2014;15:51.
Ghimire et al. BMC Public Health          (2019) 19:195 Page 15 of 15
